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SX'BNSSCA CjVRBON BI.ACEC • AKTIEBOILAG 

a Swcdhh Company of Sjdtiilisgatajij Karr- 
kppijflg, Sweden, do hereby declare die in- 
vention for which >yc pray that a . patent 
i^ay be granted to uSj aad the niediod by 
whi^h It is to be performed ;c6 bb pai^ciilarly 
ides^a^Ibed in and by the foflbVving st^^^ 
tnent; — 

This invention relates to coolers for niix- 
tiirei? of gases and solid particl^ partita- 
larly ihe produces of carbon black prdduc^^ 
processes. 

The cooling of mixiures of gases and ^sblid 
partidcsj partipilarly the cooling of the mix- 
tures frotn high ccmpcraturi^ qf ?00'-* Q or 
more to tenapecatures below 300° C, is si 
matter of considerab!^' commercial interest 
particulady in the production of oitbon blade 
oy the furnace process, ilic present j^ractice 
is to cool the gas-solids mixture by duckx in- 
jecQon of water. While this gives the rc- 
c|uired cooling quickly it lifas a number of 
important drawbadcs. For esarnple, the solid 
particles are wetted and. usuaiiy. have to be 
dried again before collection. Corrosion of 
the apparatus doivu^eain df die cooler is 
also increased. Further the ^ gases become 
admixed with large quantities of \vatcr 
vapour, which reducfe: ;thdr value a^ gas. 
But perhaps most impotEaritly of all, the 
water vapour tends to 'riSi^t with the carbon 
black particles, to forai ijvater .'i^s and reduce 
the ovcraij yield pi c^faon black. To over- 
come these, drawbacks^ it husf^ci^ proposed 
to cool the mixtures by indffcti^ heat ex- 
changOj but the difficulty with this , tnethod 
h the faa that the iblid |:^mGle^ are de- 
^Qajtcd-j>ja-. the wsilis of Hhc beat exchanger 



and quiddy reduce the heat transfer through 
the walls. 

The object of the present invention is ro 
prevent the buifd-up of deposits on the walls 
pf tubular: coolers. 

According to the present invention, there- 
lorei a tubular cooler for mixtures of gases 
\ad solid: particlGS comprises one or more 
^ibeS/: through which the mixnire cau pass, 
means for cooling the outside of the tube, 
and a scraper fitting inside tfac tube contacts 
the tube \vall but allows free passage of 
arid particles dirough the tube and which is 
capable of reciprqcating axially in the tube, 
said scraper being in contact with the tube 
wall at a; number of. equally spaced points 
and being capable of be^Lng R!ciprocated with 
a stroke at least equal to the distance between 
the- equally spaced points, 

Preicrably a number of tubes are arranged 
in a bank aiid each tube or bank of tubes 
are verucaL Preferably the tube or bank of 
rubes, are surrounded by an enclosed shell 
having an inlet and outlet for cooling Quid. 
Cooling by a liquid, such as waccTj is pre- 
fenredj but cooling of at least a portion of 
the length of the tubes by a gas is not ex- 
cluded. Where ga5 cooling is used, the out- 
side of the lubes are preferably finned or 
have some other form of extended surface. 

The invention is illustrated without being 
timiied by die accompanying drdwings in 
which: — 

Figure 1 shows a tube cooler according 
to the present inventionj and 

Figures 2 to 4 show alternative forms of 
scraper for use with the present invention. 

In the drawing?,^ a tubs cooler has a numr 
ber of parallcij straight, preferably vertical 
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nsbes 2. 'lliese are fiscd into two panilJcl 
end plates 1, 4, which are fixed over the 
ends of a preferahiy cj^lindxical casing 3, 
which is arranged so that a cooling fluids 
5 prtJ^crably u':iier, Bows through it via an 
Lulet aod outlet (not shov^^rn). 

The lower unci p^aie 4 is cot3necii!d to n 
chamber 5, through which hor g3 5^ camain- 
ing solid p;;rciclcs is supplied rn the lubt^s 
10 2- and the upper end phic 1 is connected to 
a chamber 6, {rom which ihe cookd gas and 
particles exit dirough a coni^ecting branch 
7. The chiinaber 6 h c'ahx-d .it its upper cod 
by a rooilng slab S, wliich has u cti:icral 
1.5 opening 9. 

A rod 10 is arranged co pas.s through 
the optning 9 with slight play, A support 11 » 
restljig OJI the roaiing slab haida the upper 
«fld of rod 10 iii SkKh a way that it is free 
20 lo reciprocate longmidinaliy. 

Tii the design shov/n thh arrangement con- 
sist? of a piston 13 axialHy movable in a 
cylinder 12, by 6uid presisure applied alter- 
nately to cither side. The arrangentcnt in 
25 qumlon can naturally be designed in many 
other ways, e.g. as a crank and connecting 
rod. 

A bellowfe 14 h ^scd to the rod 10 
and the roof slab S so that no gas can leak 
3i5 through the opening 9. 

The md 10 h fastened wiilt its iov?et end 
to a transverse plate 15, from which scrapers 
16s 17, 18* 19 arc suspended passing through 
each of the tubes 2. In tht design illustrai<id 
^3 on Fig. 1 the scmpers consist of a helically 
%vH^yad liar steel bar 16. The stroke of the 
piston 13 is at least equal ro the pitch of 
the helix. In the design according to Fig. 2 
and 3s the scrapers consist of pairs of screw- 
^0 shaped bent plates 17, IE fixed to a ceatral 
rod 20, each pnir of plates being iiidined 
50 that their circtinifercnccs form one com- 
pleic he] IK. Tn Fig- 2 all the^e pktes 17 are 
beat in the same direction, whilst plates 18 
4:^> in Fig. 3 are alrernatdy righr-hsnd and left- 
hand n\*isred. In Fig. 4 the hcrapers consist 
of scraping rings 19 fixed to a central rod 
20, for cxamphi by nurans of bubs and 
spokes. The strt^ke of the piston 13 is greater 
50 than ihc distance between adjacent scrapers 
17, 18, 19. 

It is advaotisi^euus to blow in cooked, par- 
ticle Irce gas into the bellows 14 throu|*h 
3 pipe 21s tn a quantity' which is per unit 
55 of limSj at Icass as large sis the stmyha- 
nmus increase of the volume of bellows 14 
daring the upward stroke of the piston 13* 
Tliis gas is preferably injected ttc the bottom 
of the bellows. 
60 The apparatus descnbed above may tised 
for cooling any mixrores of gases and solid 
particles and 3 a^Iihough particularly suitable 
for cooling the producus of a carbon black 
producing process^ \c? not limited thereto. The 
65 invention thus snchides a method of cooling 



insxturcs of gases and solid particles ctrm- 
prismg passing the mixture through one or 

more rjbes which are cooled caaeroally atsd 
preventing the deposition of the solid par-- 
cicies on the internal walls of the tubii by 70 
rcciproe;tting a scraper axtaliy within the 
tube. £aid sera per, while allowing free pass- 
age of gas and pimicles through the tube, 
b^ing in contact with die wall of die Uibe 
at a number of equally spaced points and tlic 75 
siro!<e of the reciprocating scraper being at 
leasi equal ro the distance between die 
equally spaced points. 

Preferably the jnjxnirc of gas and solid 
panicles is 'the product from ii carbon black' ' 80 
producing process. As h wdl taown carbon 
black is produced by the incomplete com- 
bustion of hydrocarbons with an oxygen con- 
tfiining gas» such aij air^ under rijrbulent con- 
ditions. The product mixture is dms carbon 85 
black in the forai of very fine partides, to- 
gcdier wich a gas containing tmbin-nc or par- 
tially burnt hydrocarbons, oirbon oxides^ 
hydrogen and nitrogen, if ait is used as the 
combustion gas. The fine state of stibT- 90 
division of the atrbott black makes the pro- 
duct particularly suii^k for cxjolbg the 
method and apparatm of the preseat inveo- 
cion and, as stated earlier, there are p^atim* 
lar advantages rcstdting Ixom 1^ use of the 95 
present invention in earbon hiladc maDufac- 
tore in that the carton blade yield is iar 
creased, the carbon blads is not wetted, isjr- 
rosipn downstream fitmi the cooto is re- 
duced by the absence of water vapour and JOO 
the gaseous by products arc more TOlltabk, 

Preferably die tube or ttibes sre placed 
vertically and the mixture of gas and solid 
particles flows upwardly. The rate of flow 
of the mixture should be such that the 105 
solid particles Jire kept in suspension and 
poss nut of the cooler with the gases for 
separation and cotlecdon at a later point. 

The apparatus aEd method of the present 
invention are particularly suitable for use in 110 
combination wiTh the inYentlon described in 
Applicants' U.K. Parent Applicadon No. 
8149/66 (Serial Nfi, 11237*12). 

The invention is iQustrsted by the follow- 
iug example. 115 



EXAiVtPLE 

A fud oil having a density at 20^ C of 
0.941, a viscosit3r' at 100^ F of 146 cend- 
STOkes and a carbon/hydrogen weight ratio 
of was burned in a ftirnace stipplied with 120 
insu^ciciic air for complete combustion at a 
temperature of 1200*^ C to give a misdtitre of 
gas and carbon black, 

Aiifit ftmher reaction of die products io a 
secondary reactor the product tempcratott* 125 
was 850^ C. The product was a misttnre of 
carbon black particles and gas of the follow- 
ing composition: — 
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CO. 5^—6.2% 
CO 15.8—17% 
H, 107—29.7^ 
52—57.5% 

5 The cuixiuxe was then passed to a tubular 
cooler of the type shown in Fig, 1. The 
cooler consisted of s bank of mild stcd 
tubes c£ch having a well lliickocss of 3 mm 
und a local internal surface area of 17.5 m-. 

10 The speed of flow of the mixture upwardly 
through the tubes was 500 — 850 m*/hr. 
Water was passed through the jacket sur- 
rounding the tubes at a rate of 4O0O litres/ 
lioiiT- '^!*hc water inlet temperature \^tis 

15 10 — ^20^ C find rhe ourkr temperature 80^ 
C. The mlKture of gas and solid particles 
was cooled to 200 — 300"^ C and pa^ed out 
of the top of the cgoler for separation and 
collecriou in convenLional munncr. During 

20 the passage of the mixture the scrapers were 
redprooited continuDUF.Iy 'at a rate of 7 
surokes/rainute. The cooler was operated 
continuously for a period of . 2> days without 
any noticeable reduction in the heat tmnsfer 

25 rate through the walls of the tube. At the 
end of the nm the tubes were; examined 
visuaUy and iound to be. free of dep6;sits. 

WH2\T WE CLAIM IS : — 

1. A tubular cooler ;for mixtures of gascii 
30 and solid part idea compr ising one or w^tt 

tubes through which thje mimir^ <caa |?^^^ 
means for caoiing the putside of :dte 't^^ 
aod a scraper fitting iniside the tube winch 
contacts the tube wall but allows free ^pass- 

35 age of gas and particles Uirough the febe 
and which is capable of reciprqeating axiiily 
in iJie tiibCi ssid strapcr being- in contact 
with the tube ^i'all at a' uqiiiber of egua^y 
spaced points and being capable of b^^^ 

40 recipfocated with a stfdke at Jeist eygjuai; to 
the distance between trie equally 'spaoid 
points- 

2. A tubular cooler as daiincd in daim 
.1 wherein die scraper coiisists of a heHGally 

45 wound bar capable of rectpriacating ^'ith . a 
stroke at Icairt equal to the pitch of the 
helix. 

3- A tubular cooler as claimed in claim 
1 wherein the scraper consists of a - series of 
50 pairs of inclined semi-circular plates spac:ed 
along a central rod, eacdi pair of plattis being 
iuclined so that dieir drcuitifcrcnccs ;form 
one coiiiplete helix. 

4. A tubular coolcr-as daimesi in daim 3 
55 wherein the pairs of pkies are indtned in the 

same way to give helices of the same thread 
throughout the length of the scraper. 

5. A tubular cooler as daitned in claim 
3 wherein the pain; of plates arc incUned 

60 akeroately in opposite directions * so that the 



helices are altcmatdy of left-hand and right- 
hand thread. 

Cu A tubular cooler as claimed in any of 
dnims 1 to 5 consisting of a banli of ver- 
tical tubes each hsving a scraper, and cham- 65 
bers above and below the bank of tubes for 
the inflow and outflow of the mixture. 

7. A tubular cooler as daimed in claim 
7j wherein the scrapers arc suspended from 

a plate located v/iiiiin the upper chamber^ 70 
the plate being fixed to a vertical rod pass^ 
ing through a gas-tight aperture in the roof 
of the chamber and the upper end of the ver- 
tical rod being oonnected to mearts for im- 
parting a reciprocating movement. 75 

8. A tubulor cooler as daimed in claim 

7 wherein the aperture is made gas-tighc 
by a bellQv;s fixed to tlie rod and to the 
roof of the chamber. 

9. A tubular cooler as claimed in daim 80 

8 wherein the bdlows has has an inlet 
through which cooled gas free from solid 
partides can be fed. 

10. A method of cooling inixtures of gases 

and solid partides comprising passing the 85 
mixture through one or more vijibts which 
ate cooled externally and preventing ijie 
depqsiiiqn of the solid partides on the in- 
teiiial walls of tiie tube by reciprocating 
a scalper axiiUly within the tnbei said scrapa-j 90 
while /.alipwmg free passage .of , gas .;and par-r 
tjcles through the tubcj 'being in contact 
with the wall of the Xnh^ :at a number of 
eqqiilly spac^ points and the. stroke of tic 
redprocating; -scraper being at least equal to 95 
tfe diktanoe berweeri the eqtjally spaced 
ppint'i-. ' / " . : ' ' 

Ili A .method as claimed in daim 10 
wberein the mixture is the product of a 
carbon bla]^ product 100 

12; A^ methtKl as daimed in daim 10 or 11 
whereih the^ mixtiire is initially, at a tem- 
pera tiire qi at least :6Q0° C and is copied 
to a temperature of below 300_^ C. . ' 

13; A metliod as dainied in daim IO3 11 105 
or 12 wHisrein the tube or tubes are cooled 
externally with water. 

14. A method 'as claimed in any of claims 
10 to 13 wherein tbc mixture QOws upwardly 
through a vertical ttjbe or bank of tiibes' -110 

15. A tubular cooler as claimed in daim 
1 subsEsntialiy as described with reference 
to Figures 1 to 4.- 

16i A rneithod of codUrig inixtures of ga^es 
and solid particles as claimed in daim 10 IIS 
substantially as described , witib reference to 
Figures 1 to 4 and the :Eiample. 



J. WqOLARJ>, 
Agent for the Applicaiits,- 
Chartered Patent Agent. 
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